Role of acidic intracellular compartments in the biosynthesis of Dictyostelium lysosomal enzymes. The weak bases ammonium chloride and chloroquine differentially affect proteolytic processing and sorting.
Radiolabel pulse-chase and subcellular fractionation procedures were used to analyze the transport, proteolytic processing, and sorting of two lysosomal enzymes in Dictyostelium discoideum cells treated with the weak bases ammonium chloride and chloroquine. Dictyostelium lacks detectable cation-independent mannose-6-phosphate receptors and represents an excellent system to investigate alternative mechanisms for lysosomal enzyme targeting. Exposure of growing cells to ammonium chloride, which increased the pH in intracellular vacuoles from 5.4 to 5.8-6.1, slowed but did not prevent the proteolytic processing and correct localization of pulse-radiolabeled precursors to the lysosomal enzymes alpha-mannosidase and beta-glucosidase. Additionally, ammonium chloride did not affect transport of the enzymes to the Golgi complex, as they acquired resistance to the enzyme endoglycosidase H at the same rate as in control cells. When the pH of lysosomal and endosomal organelles was raised to 6.4 with higher concentrations of ammonium chloride, the percentage of secreted (apparently mis-sorted) precursor polypeptides increased slightly, but proteolytic processing of intermediate forms of lysosomal enzymes to mature forms was greatly reduced. The intermediate and mature forms of alpha-mannosidase and beta-glucosidase did, however, accumulate intracellularly in vesicles similar in density to lysosomes. In contrast, in cells exposed to low concentrations of chloroquine the intravacuolar pH increased only slightly (to 5.7); however, enzymes were inefficiently processed and, instead, rapidly secreted as precursor molecules. Experiments involving the addition of chloroquine at various times during the chase of pulse-radiolabeled cells demonstrated that this weak base acted on a distal Golgi or prelysosomal compartment to prevent the normal sorting of lysosomal enzymes. These results suggest that although acidic endosomal/lysosomal compartments may be important for the complete proteolytic processing of lysosomal enzymes in Dictyostelium, low pH is not essential for the proper targeting of precursor polypeptides. Furthermore, certain amines may induce mis-sorting of these enzymes by pH-independent mechanisms.